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FIELD OF THE INVENTION 



The present invention relate i-„ „ 

5 activity of enzvmo. k , " or deficiency of the 

way. More spe" " ny :h gin9 " h6me bi ° S — ^ P-th- 

-eviatin/the s^ J c" rT^ * ™ ^ 
intermittent porphyria. Porphyria, notably acute 



10 BACKGROUND OF THE INVENTION 
ggrcg-bjxg ynthetic pathwa y 



Heme is a vital molecule for life in all n, • u- 
15 species. Heme is m™i , ■ g hlgher animal 

chrome P450) and pi 0 ,f cietoxif ication (cyto- 

and electron transfer for- 
chemical energy (ATP) dur , ^ the deration of 

tochondria. ? ° Xldatl ™ Phosphorylation in mi- 
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" St .p , A LA- S y» the[ase , and the " 
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Deficiencies in the heme biosynthetic enzymes have been re- 
ported leading to a group of diseases collectively called 
porphyrias . 

5 A defect in the third enzymatic step leads to acute intermit- 
tent porphyria, AIP. 

Acute Intermittent Porphyria 

10 Acute intermittent porphyria (AIP) is an autosomal dominant 
disorder in man caused by a defect (50% reduction of acti- 
vity) of the third enzyme in the heme biosynthetic pathway, 
porphobilinogen deaminase, (also known as porphobilinogen am- 
monia-lyase (polymerizing) ) , E.C. 4 . 3 . 1 . 8 . (Waldenstrom J. 

15 Acta. Med. Scand. 1937 Suppl.82.)-- In the following, this en- 
zyme will be termed "PBGD". 

Clinical manifestation of AIP 

20 The reduction in enzymatic PBGD activity makes this enzyme 

the rate limiting step in the heme biosynthetic pathway, with 
a concomitant increase in urinary and serum levels of delta- 
aminolevulinic acid (ALA) and porphobilonogen (PBG) . 

25 The clinical manifestation of AIP involves abdominal pain and 
a variety of neuropsychiatric and circulatory dysfunctions. 
As a result of the enzymatic block, heme precursors such as 
porphobilinogen (PBG) and delta-aminolevulinic acid (ALA) are 
excreted in excess amounts in the urine and stool . In acute 

30 attacks, high levels of PBG and ALA are also found in serum. 
These precursors are normally undetectable in serum in 
healthy individuals. 

The neuropsychiatric disturbances observed in these patients 
35 are thought to be due to interference of the precursors with 
the nervous system or due to the lack of heme. For instance, 
ALA bears a close resemblance to the inhibitory neurotrans- 
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mitter 4-aminobutyric acid fGARA i = * 

b. ■ neurotoxin. W „ ns " ^1 L " W ' Ud '° 

»etic, 1996,65. 269-273,. ^ °* Medl « 1 <=- 

b= followed rapidly bv fh „ "'"^ , " ,iCh " U1 

««, ^.nLrr;;::::; :::;r ;: 5 r:r r — • 

sation, and parae,th oc - „ f pin P ri ck sen- 

o»ri„ g , cute attacks behaviourai c 

15 

- iSS oc lat io„ bet : e :;i\: ;-;ir;i::: r rr en attacks - 

1983, Q j. Med 52 „ Qai failur e (Yeung L. et al. 

274 ) hae! h ' Acta - Me d.Scand. 215,271- 

has been reported. 

The AIP is a i ifelong disease 

in puberty. usually becomes manifest 

25 

^t P L e t C e iP l itat ; ng faCt ° rS 6Xhibit - relation wit, the 

30 th :: u ;t: ;iT f g in e :;:; r r herae biosynthetic ~ 

the heme con ent a ! i °' ^ A l0W « in * ° f 

^-synthetase L mediately increase the rate of 

tially de c e n t^ BG T rPr0dUCti0n °' ^ ^ ^ — 

L ^1 ti orrv 5 " activity) now 

35 Drugs that inH " Precurs °^ ALA and PBG. 

rugs that induces cytochrome P450 such as ha rh,> «. 
trogens, sulphonamides, progesterone ! barbltu -tes, es - 

Phenytoin can all precipitate a T ^^"^^ and 

Prec lpi tate acute attacks. (Wetterberg L 
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1976, In Doss M. Nowrocki P. eds . Porphyrias in Human Dis- 
ease. Reports of the discussion. Matgurg an der Lahn, 191- 
202) . 

5 The clinical manifestation is more common in women, espe- 
cially at time of menstruation. Endocrine factors such as 
synthetic estrogens and progesterone are known precipitating 
factors. A significant factor is also the lack of sufficient 
caloric intake. Hence, caloric supplementation during acute 
10 attacks reduces clinical symptoms. (Welland F.H. et al . 1964, 
Metabolism, 13, 232). 

Finally, various forms of stress including illness, infec- 
tions, surgery and alcoholic excess have been shown to lead 
15 to precipitation of acute attacks. There are also cases of 
acute attacks where no precipitating factor can be identi- 
fied. 

Prevalence of AIP 

20 

Prevalence of 0.21% has been reported (Tishler P.V: et al . 
1985, Am . J . Psychiatry 142,1430-1436), with as high a preva- 
lence as 1 per 1500 in geographic isolates in northern Sweden 
(Wetterberg L. 1967, Svenska bokforlaget Nord- 
25 stedt, Stockholm) . Prevalence up to 200 per 10.000 inhabitants 
have been reported from northern Finland. (Andersson, Chris- 
ter, Thesis, 1997, ISBN 91/7191/2 8 0/0) . 



Existing treatment of AIP 

30 

The treatment of AIP as well as of other types of porphyrias 
such as variegata, hereditary coproporphyria, harderopor- 
phyria, and aminolevulinic acid dehydratase deficiency, are 
basically the same. Existing therapies for AIP, are all aimed 
35 at reducing circulating PBG and ALA by inhibiting the first 
rate-limiting enzymatic step ALA- synthetase . This inhibition 
of ALA-synthetase is achieved by increasing circulating heme, 
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-: e H h ::: t i; : ~ e ~ ~- - 

heme breakdown by sl l ° °* inhi ^tion of 

istina 1-h Sn --esoporphyrin administration are the ex- 

isting therapies today. These thpr^ v. 
5 efficacy. therapies have shown limited 

Treatment between arnt-o = +-*- . 

en acuCe attacks involves suffiri a ^ 

10 

Patient, that experience acute , 

trave„„ U5 carbohydrates u SMUy d , stto „ ,300 ! T 
involving heme an,! Patients. Fanally, treatments 

, >~: h ;: ;;;r:;i; ::™~* — — - 



Medical need in AIP 



higher as compared to a ^ 3.2-fold 

SuicidP w f matched general population, 

i-uicide was also a major cause of = 

of 370 times that expected " the """"^ 3 ^ 

J- et al 1996 Am T T g6neral P ° pulation (Jeans 

TnT^Z?™ 1 *.^ 1 ™ — ~ —ke 

-matin have bet " ^ 

the patients as their studies generally used 

r- cni.fi, ds tneir own control fl ff 0 r +-k 

35 :~ :: t :r;r;r" ~ : t d r ot 
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The one controlled study with hematin treatment reported, 
failed to reach statistical significance due to too small a 
patient number (Herrick A.L. et al 1989, Lancet 1, 1295- 
1297) . 

5 

In conclusion, there is a definite need for the 
novel therapeutic/prophylactic methods aimed at 
eases . 

10 DISCLOSURE OF THE INVENTION 

Levels of ALA and PBG found in urine in patients with sympto- 
matic AIP, are in the range of 1-203 mg/day and 4-782 mg/day, 
respectively. Normal excretion of ALA and PBG is very low (0- 
15 A mg/day) . Important is the observation that these patients 
also have elevated levels of ALA and PBG in serum. It was 
shown in a study that AIP patients had significantly elevated 

levels of ALA (96 ug %) and PBG (334 ug % ) in serum in con- 
nection with acute attacks and that the severity of the at — 
20 tacks were correlated to high levels of ALA and PBG. Hence, 
it is important to reduce the circulating levels of ALA and 
PBG in order to eliminate clinical symptoms and to normalize 
the heme pool. 

25 The present inventors present a new therapeutic rational in 
the treatment of AIP, a rationale using PBGD, preferably re- 
combinant PBGD (rPBGD) in order to reduce circulating high 
levels of PBG in serum by metabolising (by enzymatic conver- 
sion) PBG to hydroxymethylbilane (HMB) , which is the normal 

30 product of the reaction. This substitution therapy will lead 
to a normalization of PBG in serum. as well as to a normaliza- 
tion of the heme pool. It will also lead to a normalization 
of ALA in serum, since these heme precursors are in equili- 
brium with each other. A lowering of serum ALA. and PBG is ex- 

35 pected to result in a concomitant relief of symptoms. The 
product of the reaction (HMB) will diffuse back into the 



provision of 
these dis- 
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Hence, PBGD administered hv ins. f 

by lections will carry out its 

t- . • peciUcall y across them. An alternative to this 

P ecursors xn the serum supports the idea that' Per ^ 
creases due to the PBGD enzymatic block. 

The basic new therapeutic concept ,or AIP is valld (or >u 

treating th.s. diseases by substituting the reduced or miss- 
in, activity characterizing the porphyria,. 

Hence, in its broadest a^n^- *-u • 

CiL aspect, the invention nprh = i ^ +. 

-hod ,or treatment or prop hy l, x i s of d^J" de- 
ficiency, i„ a subj e ct , of ,„ . belonging to the h 

°Dect, an effective amount of a catalyst which is sa iH 

::r - , ^ nlmt part : r anal ; h u ; s 



20 



Hence, by the term "catalyst" is herein meant either the 
35 relevant enzyme which is substituted as it is 

-tically equivalent part or analogue thereo ' On e T 

an enzymatically equivalent part of th ° f 

xent part of the enzyme could be a do- 



main or subsequence of the enzyme which includes the neces- 
sary catalytic site to enable the domain or subsequence to 
exert substantially the same enzymatic activity as the full- 
length enzyme. 

5 

An example of an enzymatically equivalent analogue of the en- 
zyme could be a fusion protein which includes the catalytic 
site of the enzyme in a functional form, but it can also be a 
homologous variant of the enzyme derived from another spe- 
10 cies. Also, completely synthetic molecules which mimic the 

specific enzymatic activity of the relevant enzyme would also 
constitute "enzymatic equivalent analogues". 

In essence, the inventive concept is based on the novel idea 
15 of substituting the reduced enzymatic activity in the subject 
simply by administering a catalyst which will "assist" the 
enzyme which is in deficit. The precise nature, however, of 
the catalyst is not all-important. What is important is 
merely that the catalyst can mimic the enzymatic in vivo ac- 
20 tivity of the enzyme. 

Previous investigations in treating the porphyrias have sug- 
gested gene therapy, thus aiming at introducing genetic mate- 
rial in relevant cells which will then take over the in vivo 
25 production of the enzyme of interest. The present approach is 
much more simple but has to the best of the knowledge of the 
inventors never been suggested, perhaps because difficulties 
with respect to achieving an intracellular effect on the pre- 
cursor level has been regarded as an obstacle. 

30 

The term "the heme biosynthetic pathway" refers to the well- 
known enzymatic steps (cf. e.g. Sassa S. 1996, Blood Review, 
10, 53-58) which leads from glycin and succinyl-CoA to heme, 
and enzymes belonging to this synthetic pathway are porphobi- 
35 linogen deaminase (PBGD) , ALA dehydratase, Uroporphyrinogen- 
decarboxylase, Coproporphyrinogen oxidase, Coproporphyrinogen 
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Uroporphyrinogen decarboxylase Hence inT 

,1, j'j-aae. nence, m line with the 

= :{:r:™:.;r=.::.- r:»- - - 

thereof, it should be noted that all of the k 

enzy.es have been sequenced thus aH • ab °— tioned 

synthetic production there" ? « 



The diseases related to reduced activitv of t h 
acute intermittent r, u ■ actlvi ty of these enzymes an 

j-ncermittent porphyria (AIP) at a • 
(adpi n i ^i^;, ALA deficiency porphyria 

Z : hop Yr r : utanea tarda (pct) - Heredi — 

(VP) C n' nltT P ° rPhyria (HDP) ' Vari6gata Pon-ivri. 
Con ^nital erythropoetic porphyria (cfpi p 

15 etic protoporphyria (EPP) a h u ' Erythro P oi - 

(HEP) . (EPP) ' He P ato -ythropoietic porphyria 



30 



35 



ttttlTTT ive amount " is herein meant a — of 

the catalyst which will supplement the lack D f on I- 
° tivity in a subject suffers * enzymatic ac- 

dur-eH 4.- • su «ermg from porphyria caused by re- 

duced activity of one n f i-k„ v. y re 

y or one of the above-mentioned enzymes The 

^actors such as serum half-li fe of the cata- 
lyst, specific activity of the catalv.t - . 

Ulie catalyst etc. but thp qnn^ 
Person will be able to determine the correct 

!7 7 e . by mSanS ° f Standard meth ° dS instanc star- 

ting out with experiments -in a suitable • , 

determine the correlation H t SUltable 3nimal mod ^ so as to 

correlation between blood concentring 
zymatic activity) . concentration and en- 

and Owrerore the cat.lyst is Psrn „, 

"Udly e ql u„, lent p, rc or inalogu . t y he ' r :/ B " D " " 

preferrpH *-H a *. «-u iereor - It: is most 

^eierred that the catalvst i *? a i_ ■ 

zvipp h o1 • ^aiyst is a recombinant form of the en- 
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with the present means available, does not seem feasible if 
the enzyme would have to be purified from a native source. 

Preferred formulations and dosage forms of the catalyst is 
5 exemplified for, but not limited to, PBGD in the detailed de- 
scription hereinafter, and these formulations also are appar- 
ent from the claims. It will be appreciated that these formu- 
lations and dosage forms are applicable for all catalysts 
used according to the invention. 

10 

One important embodiment of the method of the inventions is 
one wherein the catalyst, upon administration, exerts at 
least part of its enzymatic activity in the intracellular 
compartment. This can e.g. be achieved when the catalyst is 

15 an enzymatically equivalent part or analogue of the enzyme, 

since such variations of the enzyme can be tailored to render 
them permeate cell membranes. Hence, when the catalyst is a 
small artificial enzyme or an organic catalyst which can po- 
lymerize porphobilinogen to hydroxymethylbilane, it should be 

20 possible for the skilled man to introduce relevant side 

chains which facilitates entry into the intracellular com- 
partment. Alternatively, the catalyst is the enzyme, but for- 
mulated in such a manner that it exerts at least part of its 
enzymatic activity intracellularly upon administration' to the 

25 subject. This can be achieved by tagging the enzyme with spe- 
cific carbohydrates or other liver cell- specific structures 
for specific liver uptake, i.e. the. enzyme (or analogue) is 
modified so as to facilitate active transport into e.g. liver 
cells. 

30 

Although the above embodiments are interesting, it is be- 
lieved that the normal, practical embodiment of the invention 
will involve use of a catalyst which exerts substantially all 
its enzymatic activity extracellularly in the bloodstream, 
35 since it is believed that the metabolic products of the enzy- 
matic conversion of the relevant heme precursor will permeate 
freely into, the intracellular compartment where the remaining 
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es at J-east to some extent. 

5 As mentioned above, it is preferred that the catalvst ■ 

duced recombinant^, i e by a mp , h , «taly 8t i a pro- 

y, -t-e. oy a method comprising 

a) introducing, into a suitable vector, a nucleic acid f 
ment which includes a nucleic acid nucleic acxd frag- 

10 catalyst; nucleic acid sequence encoding the . 

b) transforming a compatible host cell with the vector- 

li^LT ^ tranSf0rmSd h ° St ~" «-» ™ * fa- 
cilitating expression of the nucleic acid sequence- and 

^ recovering the expression product from the culture 

and optionally subjecting the expression product to post 

iy> *< and deglycosylation _ so as to obtain ^ ^_ 



20 



For relatively small catalysts (e a ^ 

of the active site of th. constituted mainly 



25 



xaaruer, but as mentioned herpin ^„ 

piy .u o th „ Peptlde ; s t s \t::™~ ap - 

or synthetic means is thst lf * <=,taly s t by recombinant 
the catalvst • / Produced in a non-human can, 

35 The dosage regimen will norma] lv k q 

^ • , "ormaiiy be comprised of at- 

daily dose of the cat*n, c1 - , east one 

. ■ y ^, 3, a or 5 dal l y dos , ges wlu be neces _ 
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sary, but if sustained release compositions are employed, 
fewer than 1 daily dosage are anticipated. 

The daily dosage should be determined on a case by case basis 
5 by the skilled practitioner, but as a general rule, the daily 
dosage will be in the range between 0.01 - 1.0 mg/kg body 
weight per day of the catalyst. More often the dosage will be 
in the range of 0.05 - 0.5 mg/kg body weight per day, but it 
should never be forgotten that precise dosage depends on the 
10 dosage form and on the activity of the catalyst as well as on 
the degree of deficiency of the relevant enzyme. 

For PBGD, the daily dosage is about 0.08-0.2 mg per kg body 
weight per day, and most often 0 . 1 mg per kg body weight per 
15 day will be the dosage of choice. It is believed that compa- 
rable dosages will be applicable for the other full-length 
enzymes . 

Finally, as will be appreciated from the above disclosure, 
20 the invention is based on the novel idea of providing substi- 
tution for the enzymes lacking in activity. To the best of 
the knowledge of the inventors, therapeutic use of catalysts 
having such effects have never been suggested before, and 
therefore the invention also pertains to a catalyst as de- 
25 fined herein for use as a pharmaceutical. Furthermore, use of 
such catalysts for the preparation of pharmaceutical composi- 
tions for treatment of the above-discussed diseases is also 
part of the invention. 

30 DETAILED DISCLOSURE OF THE INVENTION 

The following description of preferred embodiments of the in- 
vention will focus on recombinant production of PBGD and for- 
mulations and uses thereof. It will be appreciated, however, 
35 that all disclosures relating to this polypeptide apply also 
for the other enzymes mentioned above. Hence, production and 
use of PBGD only exemplifies the invention, but all other en- 
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in tL 0 e f ^ h H hem : bi ° SynthetiC P ath -V be substitute PBGD 

m the embodiments described hereinafter. 

Production of recombinant pr^h 

As mentioned above, it is preferred to administer recombinant 
versions of the various enzymes of the heme biosynthetic 

ductZ'o " ^ f ° ll0Wing ^ d6SCribed "^inant pro- 

duction of one of these enzymes, namely PBGD. 

The ge ne for the erythropoietic PBGD, which is located in the 
uman genome in the chromogomal ^ ^ ^ ^ 

t aT 19 1?T\ 10 ^ ° f ^ 13 Sh ° Wn ln — 3champ B. 

15 1052 Gastroenterology and Hepatology 11, 1046 - 

c!ds) erythr ° POietiC — enzyme (34, amino a- 

5968 i k ^ ^ 1986 ' NUCleiC - ACid - ReS ' 

5968), will be cloned from a human erythropoietic tissue by 

:r; e r; nsc : iptase or » - 

chain reaction) of the PBGD coding region. 

The gene will be ±nserted ^ a piasmid (bacteriai; b _ g&f _ 

25 formed" 63 ^ °* kalian: M-g &F -pb GD ) and trans- 

formed into a suitable host cell (a bacterium such as E coli 

:: ::^ s ' a h fungus such - — ~, or . 

cell line, such as CHO cells). The expression of the-PBGtr— 
gene will be regulated by a promoter which is compatibl 
the selected host cell. 

30 

For production in E. coli the PRrn 

serted inh„ , 9 sec * uenc e can be in- 

serted into a piasmid vector, e.g. p B R322 or PUC. 

35 stteTL?^ 1 ? 1011 ' PBGD C ° ding S6aUenCe c « 

ng 2 u or 3 " aSmld VSCt0r ' 6XamPle YEP "fin- 

ing 2 u origin for high expression in yeast. YEP p lasm i ds 
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contain TRP 1 and URA 3 as markers for selective maintenance 
in trpl-, ura 3-yeast strains. 

Alternatively, the PBGD gene can be inserted in bovine papil- 
5 loma virus vectors BPV for high expression in a murine cell 
line C-127{ Stephens P.E. et. al . Biochem J. 248, 1-11, 1987) 
or vectors compatible with expression in CHO cells or COS 
cells. 

10 For bacterial production: Insert in front of the PBGD coding 
region a bacterial signal sequence for example an E . coli 
periplasmic enzyme signal peptide or a signal peptide from a 
secreted enterotoxin or endotoxin in E. coli, to obtain se- 
cretion in E. coli. An ATG sequence at the NH2-terminal end 

15 of the rPBGD structural gene for initiation of translation or 
a short leader sequence with an ATG at the 5 '-end for cyto- 
plasmic expression. 

A secretory signal in Saccharomyces, for example alpha-mating 
20 factor presequence, can be. added in . front of the rPBGD struc- 
tural gene for efficient secretion in yeast. 

Similarly, a sequence encoding a mammalian signal peptide can 
be added for secretion of rPBGD into the culture medium upon 
25 expression in for example CHO cells or COS cells. 

A bacterial promoter for example the tryptophane (trp) pro- 
moter or the lac promoter or alternatively an alkaline phos- 
phatase promoter, should be inserted before the PBGD coding 
30 region for efficient transcription in prokaryotes for example 
E. coli . 

A yeast promoter for example 3-phosphoglycerate kinase (PGK) 
or chelatin or alpha-mating factor should be inserted before 
35 the PBGD coding region for efficient transcription in yeast 
for example Saccharomyces cerevesiae or Saccharomyces pombe . 
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A»p.«™. tr.n s „rb«. y l„. or Dlhydtofol , t . „„„ J se ^ 

in ™ a " ~" - — « 

The bacterial Pl ,s„i d ,8-G SF -P BGD) confining , bacterial 
rPBGD. eXan,Pl ' E ' C011 Paction o, 



The yeast plasmid ( Y-az r-pnm\ ^ . 

» * r «/- ™ i: ^ ,::L;:::;ti:r:r t — - 

k *. be tran sformeci into the ve^t- 

host c.u such „ Saccharonyces cerevesiae Sicch h -» 

pombe for production of rPBGD omyces 

20 

p'rloTT'" Pl " mid ' M - G5F - reGDI «»tal„i„ g , kalian 
promoter for „a„ p le M.t.ilothionine-! or Mhydrofolate re 

-act... ™, a MnraalUn signal sequence or j 2T n ln 

fron t of the P B6D coding region and vector pM or P SV 2 r - 

I ™ T Pla5mld W " GtF P8GD > " lU b * t, m( . et L „to a 

= li,n cell line f or e,a„ P le c„0 cells. fo r production t 



30 



The E u cen contain . ng plasm . d (B _ G 

fermented to stationary phase between 24-48 hour ln a 

c ;r ning casein - -3;:;:;.; 

e e ; ro l s r S . and SaltS - PH ^ ^ b.. M »itor«, by 

t d ^ fermentatl ° n - Mature win be kep t at 
J7 +/ 2 c during the fermentation. 



35 



The yeast cell containing th. P l,a»i d ,Y- GSF -p BGD) „ lu be 
to. late lo, ph ,se between 20 -«0 bonrs in', 




containing yeast extract, glucose, salts and vitamins. pH and 
temperature will be monitored by specific electrodes during, 
fermentation. Temperature will be kept at 30+/- 2 C during 
fermentation . 

5 

The mammalian cell line containing the plasmid (M-G&F-PBGD) 
will be fermented in a medium containing , foetal calf serum 
(or serum free) , vitamins, glucose, antibiotics, growth fac- 
tors. pH and temperature will be monitored continuously du- 
10 ring fermentation by specific electrodes. 

The PBGD enzyme will be purified from the cells after fermen- 
tation. 

15 rPBGD will recovered from E. coli after fermentation by an 

extraction procedure involving for example ribipress, sonica- 
tion, osmotic shock or total solubilization by detergent for 
example Tween 80, Triton X-100 or Brij.. rPBGD will be reco- 
vered from fermentation medium after production in yeast or 

20 from a total cellular extract using detergents such as Triton 
X-100, Tween 80 or Brij. rPBGD will be recovered from mammal- 
ian culture medium or from a total cellular extract by ion- 
exchange chromatography or affinity chromatography. 

25 rPBGD will be purified from E. coli extract or from yeast me- 
dium or total' cellular extract or from mammalian culture me- 
dium or total mammalian cellular extract by binding to an 
ion-exchange column for example DEAE-Sepharose or MonoQ- 
Sepharose and eluted with for example NaCl and Sodium phos- 

30 phate buffer pH 7-8 or the corresponding potassium salts. 

Alternatively, rPBGD will be recovered from extracts by bin- 
ding to an affinity chromatography column for example an 
anti-PBGD affinity column. rPBGD will be eluted by lowering 
the pH to 4-2, or a thiol specific affinity column. rPBGD has 

35 been "tagged" with thiols residues when a thiol affinity col- 
umn step is used. Thiols will be removed by a specific enzy- 
matic cleavage step to generate authentic rPBGD. 
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The ion-exch,„<,e or affinity purified „ m 

5 

Binding of rPBGD will be done at hi„h • • 

a^ple in 10-50 mM Tris-HCl ^ 7 « " C """^ SX ~ 

phosphate oH 7 7 n T " 10 " 15 *" 5odiu " 

P osphate p H 7-8, 0.5 M MgS0 4 and eluted by lowering the 

ionic strength for example with 10-50 M Tris _ Hcl ' 

10 10-50 mM Sodium phosphate pH 7-8. ? " 

^hydrophobic interaction steps will be applied consecu- 

15 rPBGD will be further purified with preparative KP- H P LC for 
I:" 1 ; ° r C18 -e rPBGO wi n be eluted roT 

Tol '< — - — — andV 

20 Formulation of rpRrn 1,111 ^ 

a G-100 Seohad * ^ PaSSing the over 

G 100 Sephadex column and eluting it in an isotonic solu- 

0 5 or Sodlum phQsphate/ glyc .^ • 
spending potassium salts 

25 

Ind aire?" 0 ", SOlU " 0n " tPBGD ^ 

•nd filled as.ptrcally in , ia ,s vial, and lyopniiised 

Alternatively, the sterile f iUered rPBGD solution u be 

30 "i;:„r T ple - upid — * »- 

of the" or „ t * MS '**"<* 1 «">»»°la m i„e »r co^i„, tlons 

these or incorporated into erythrocyte ghosts. 



35 



Alternatively, rPBGD will be formulated in a sustain^ r 
lease formulation involving a «^^/jr^r,or 
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example in polylactic acid., polyglycolic acid or mixtures of 
these. 

Alternatively, rPBGD will be lyophilized in a two-compartment 
5 cartridge, where rPBGD will be in the front compartment and 
water for reconstitution in the rear compartment. This two 
compartment cartridge will be combined with an injection de- 
vice to administer either rPBGD by a needle or needle less 
(by high pressure) device. 



Alternatively, rPBGD will be formulated in a physiological 
buffer containing an enhancer for nasal administration. 

Alternatively, rPBGD will be formulated in an oral formula- 
15 tion containing for example, lipid vesicles (phospatidylcho- 
line, phosphatidylethanolamine, sphingomyeline) or dextrane 
microspheres . 

Although recombinant production of PBGD is preferred for the 
20 treatment of AIP, it can alternatively be produced from human 
red blood cells. 

The production and manufacturing of recombinant PBGD will be 
done by the following steps. 

25 

RECOMBINANT PBGD PRODUCTION PROCESS; AN OUTLINE 

A: Fermentation 

1. . Master cell bank 
30 2. Working cell bank 

3. Production of seed culture 

4. Fermentation in large fermenter (250 L >) 

B. Purification 

35 1. Cell concentration by f iltration/centrifugation 

2. Cell disruption 

3 . Ultrafiltration 



10 
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4. Chromatography ion exchange, DEAE-«? Pnh 
rose M Sepharose, MonoQ-Sepha 

6. Chromatography ion exchange (MonoQ) 

7- Formulation by Gel f ilt ration Sephadex G-100 

_C Manufacturing 
1- Sterile filtration 
10 2. Aseptic filling 
3. Lyophilization 

TREATMENT OF OTHER PORPHYRIAS 

15 l^LttT 21 T 7 treatment of Aip ™* -h (- 

ALA defic Incy ; orDh P P ° rPhyrlaS ^ " <**»t M . 

(PCT, » h Por Phyrxa (ADP) , Porphyria- cutanea tarda 
(PCT) , Hereditary Coproporphyria (HCP) anri w ■ 

Phyria (VP) r*n k «. d Varie 9ata Por- 



30 ^"^pr"? 0 ^ 1 " He P a t <,„ nhtoPOietlc 
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The substitution of the enzymatic activity can be achieved by 
adding the corresponding recombinant enzyme or other mole- 
cules that will provide the missing enzymatic activity. 
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CLAIMS 




1. A method for treatment or prophylaxis of disease caused by 
deficiency, ln a subject , of an enzyme y 

5 --Vnthetic pathway, the method comprising blistering to 
he s^ect, an effective amount of a catalyst which is s id 
enzyme or an enzymatically equivalent part or analogue 

thereof. y 

10 2 a method according to claim 1, wherein the disease is _ 
lected from the group consisting of 
acute intermittent porphyria (AIP) , 
ALA deficiency porphyria (ADP) , 
Porphyria cutanea tarda (PCT) , 
15 Hereditary coproporphyria (HCP) , 
Harderoporphyria (HDP) , 
Variegata porphyria (VP) , 

Congenital erythropoetic porphyria (CEP) , 
Erythropoietic protoporphyria (EPP) , and' 
20 Hepatoerythropoietic porphyria (HEP) . 

3^ A method according to claim x or 2 , wherein the catalysfc 

311 6nZyme sel ^ted from the group consisting of 
porphobilinogen deaminase (PBGD) 
25 ALA dehydratase, 

Uroporphyrinogendecarboxylase, 
Coproporphyrinogen oxidase, 
Coproporphyrinogen oxidise, 
Protoporphyrinogen oxidase, 
30 Uroporphyrinogen III synthase, 
Ferrochelatase, and 
Uroporphyrinogen decarboxylase, 

or an enzymatically equivalent part or analogue thereof. 
35 - A -thod according to any of the preceding claims, wherein 

quiv ;;r ls t AIP and the enzyme is pbgd ° r - —^ny 

equivalent part or analogue thereof. 
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5. A method according to any of the preceding claims, wherein 
the catalyst is a recombinant form of the enzyme belonging to 
the heme biosynthetic pathway or of the enzymatically equiva- 

5 lent part or analogue thereof. 

6. A method according to any of the preceding claims, wherein 
the catalyst is administered by a route selected from the 
group consisting of the . intravenous route, the intraarterial 

10 route, the intracutaneous route, the subcutaneous route, the 
oral route, the buccal route, the intramuscular route, the 
anal route, the transdermic route, the intradermal route, and 
the intratechal route . 

15 7. A method according to any of claims 1-6, wherein the cata- 
lyst is . formulated in an isotonic solution, such as 0*9% NaCl 
and 10-50 mM Sodium phosphate pH 7.0 +/- 0.5 or Sodium phos- 
phate, glycine, mannitol or the corresponding potassium 
salts. 

20 

8. A method . according to any of claims 1-7, wherein the cata- 
lyst is lyophilised. 

9. A method according to any of claims 1-8, wherein the cata- 
25 lyst is sterile filtered. 

10. A method according to any of claims 1-6, 8 or 9, wherein 
the catalyst is formulated as lipid vesicles comprising phos- 
phatidylcholine or phosphatidylethanolamine or combinations 

30 thereof 

11. A method according to any of claims 1-6, 8 or 9, wherein 
the catalyst is incorporated into erythrocyte ghosts. 

35 12. A method according to any of claims 1-6, 8 or 9, wherein 
the catalyst is formulated as a sustained release formulation 
involving biodegradable microspheres, such as microspheres 
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13. A method according to .„y „ ( clai„ s l- 9 , „„„.,„ _ 

14. A method according to clai™ n u 

15. A method according to any of claims 1-9, wherein th. 

:::r=:; r:;:r ~— 

r ror n ^sal administration. 



16. A 
whe 



^ method according to any of the preceding claims 

1 fTt 1 : th Y atalySt iS f ™ed so as to enhance the half- 
Hfe thereof in the subject's bloodstream. 

30 y ' 

19. A method according to claim 17, wherein th* r , , 
complexed with a heavy metal. iS 

20. A method according to any of the preceding , • 

35 wherein the catalyst Preceding claims, 

analogue of the en 1 " *^alent part , or 

enzyme and exerts at least part of i ts enzy- 
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matic activity intracellularly upon administration to the 
subj ect . 

21. A method according to claim 20, wherein the catalyst is a 
5 small artificial enzyme or an organic catalyst which can po- 
lymerize porphobilinogen to hydroxymethylbilane 

22. A method according to any of claims 1-9, wherein the 
catalyst is said enzyme formulated in such a manner that it 

10 exerts at least part of its enzymatic activity intracellu- 
larly upon administration to the subject. 

23. A method according to claim 22, wherein the catalyst is 
tagged with specific carbohydrates or other liver cell spe- 

15 cific structures for specific liver uptake. 

24. A method according to claims 1-19, wherein the catalyst 
exerts substantially all its enzymatic activity extracellu- 
larly in the bloodstream. 

20 

25. A method according to claim 24, wherein the enzymatic ac- 
tivity of the catalyst on its relevant heme precursor results 
in a metabolic product which 1) either moves into the intra- 
cellular compartment and is converted further via the remain- 

25 ing steps of the heme biosynthetic pathway or 2) is excreted 
from the subject via urine and/or faeces. 

26. A method according to any of the preceding claims, 
wherein the catalyst has been prepared by a method comprising 

30 

a) introducing, into a suitable vector, a nucleic acid frag- 
ment which includes a nucleic acid sequence encoding the 
catalyst; 

b) transforming a compatible host cell with the vector; 

35 c) culturing the transformed host cell under conditions fa- 
cilitating expression of the nucleic acid sequence; and 
d) recovering the expression product from the culture 
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and optionally subject!™ f-h. ™ 
translationai proc ssi ;r th \**»™>"°« Product to post- 
enzymatic re m0 v al " u l ; C ar ; S ^ 

acid residues, and dej ^ y ^ IT' ^ ^ 

5 ly St . Vcosylation, so as to obtain the cata- 

27. A method according to any of claims 1 ? s „ ■ 
catalvst h« x«* aims 1-25, wherein the 

ct L a±yst has been prepared by licmiri r,h = 
Peptide synthesis. . llqUld " phase or solid-phase 

10 

28. A method according to anv of hh a 

wherein the catalyst is free f precedi »* claims, 

rial of human origin * ^ ° th « bi °^cal mate- 

15 29. A method according to anv of hh 

wherein the catalv^ Preceding claims, 

6 catalyst is administered at 

such as 2, 3, 4 and s ^ ° nCS a da *' 

' J / and 5 times daily. 

30- A method according to anv of 
20 the daily dosage is . ° ^ ° f the P«*cedmg claims wherein 
x "usage is m the range of 0 01 - i n 
weight per day, such as in , h 1>0 mg/k ^ ^ody 

weight per day. ^ of - 0.5 mg/ kg body 

25 wherL m t h ; d d ;;; v or d ding to any of the pre — — 

Per day " ^ ^ «* P« kg body weight 

32. A 'catalyst, which i <= a « ~~ 
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according to claim 33, whereirr t 



34. The. use according to claim 33, wherein^ the treatment or 
prophylaxis is performed according to any of claims 1-31. 
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